) indicate that gleying extends deeper down the profiles. The soils are well saturated with bases (61 to 91%) and the CEC/clay ratio of the soils (47-81%) indicates that the soils belong to a mixed mineralogy family class. The soils are classified as Epiaquepts and Endoaquepts at great group levels. Alternate land use plans developed through soil site suitability for Epiaquepts are transplanted rice in kharif and maize/tomato/ pulses in rabi season. The Endoaquepts can be used to grow deep water rice in kharif/ followed by pulses in rabi season. Dugout farm pond and deep drainage channels may be viable options in these low lying Endoauepts for drainage of excess water from the surface and subsurface soils.
Introduction
The Mahanadi river delta of Odisha, the third largest delta in east coast of India occupying an area of 0.90 mha is divided into three demarked geo-morphologic zones South, North and Central. The South Mahanadi Delta comprises parts of Khurda, Cuttack and Puri districts covers an area of 0.178 mha and the tract is drained by rivers Daya, Bhargavi and Kushabhadra, the major distributary branches of Mahanadi river system (Mishra and Jena, 2015) . The flow of Daya and part discharge of Bhargavi terminates at a lagoon named Chilika and balance flow is discharged directly or via cuts to Bay of Bengal. The soil of this tract is deltaic alluvium and the landforms comprise of floodplains, alluvial fans, river terraces and meander channels (Mishra and Dwibedy, 2015) . In this part of Mahanadi delta, the fluvial processes are dominating over coastal processes resulting vast stretches of flat land with deposition of fluvial sediments (Somanna et al., 2016) . The hydrology, morphology, ecology of the area has altered significantly from its period of origin to present. Though this tract is the potential food basket of Puri district, the deltaic topography, flat slopes, heavy texture, supply of water into the delta by rain and irrigation channels have jointly contributed the problem of ill drainage and waterlogging rendering the land unproductive (Mahalik, 2000) . Out of 177.7 thousand ha total geographic area of South Mahanadi Delta, 35.6 thousand ha of land are ill drained and waterlogged. The severity of periodical waterlogging in Mahanadi delta due to flat topography, nonuniform and heavy rainfall during southwest monsoon season (June-September) and low density of drainage channels has also been reported by Paul et al. (2014) . The Aquepts, the dominant soil suborder in these saturated soils of the region (Sarkar et al., 2005) , are the Inceptisols having aquic moisture regime and characteristic redoximorphic features like gleying and mottles and are normally developed in low lying flat areas periodically saturated with water (Soil Survey Staff, 2014) . The information on these Aquepts is scanty and the present study is an attempt to characterize these soils under South Mahanadi delta and to develop appropriate management strategies for suitable and sustainable land use options.
Materials and Methods
The study area forms a transect in the Puri district under South Mahanadi deltaic region and is located in between 19º50΄ 45˝ to 20°08΄ 55˝ N latitude and 85°45΄ 56˝ to 85°55΄ 50˝ E longitude (Table 1, Figure 1 ). The region exhibits hot, moist sub humid climate with average annual rainfall of 1473 mm and mean maximum and mean minimum Taxonomy. Four representative pedons (P 1 , P 2 , P 3 and P 4 ) of these Aquepts belonging to identified Kakuria (Pipili), Nalibasanta (Satyabadi), Gadavingura (Puri Sadar) and Narasinghaballabh (Puri Sadar) series (Sarkar et al., 2005) were prepared in the study area for the purpose during April, 2015. The general characteristics of the pedons are presented in (Table 1 ). The geology of the tract is alluvium and these alluvial deposits have time span in between upper Cretaceous till date (Mahalik, 2000) . The temperature and moisture regimes are hyperthermic and aquic, respectively (Soil Survey Staff, 1999) . The morphological characteristics of the soils were studied in detail as per the procedures described in Soil Survey Manual (Soil Survey Staff, 1995) . The soils are analyzed for particle size distribution, available water capacity (AWC), pH, organic carbon, free iron oxide, cation exchange capacity and exchangeable bases using standard methods (Jackson, 1956 (Jackson, , 1973 . The citrate-bicarbonatedithionite extractable iron was estimated by the method outlined by Mehra and Jackson (1960) . The CEC/clay ratio was calculated for determination of mineralogy family class. The uniformity value was determined as per formula devised by Cremeens and Mokma (1986) . The soils were classified as per 'Keys to Soil Taxonomy' (Soil survey Staff, 2014) . The soil site suitability for crops in each series was determined by the procedures described by Sys et al., 1993 . 
Results and Discussion

Morphological characteristics
The soils of lower Mahanadi delta mostly have aquic moisture regime due to high ground water table as some of the major distributaries along with their branches are flowing in this tract. The morphological characteristics of these soils are presented in Table 2 . The soils are deep and the matrix colour are dominantly gray with hue of 2.5Y, 2.5YR, 10YR, value of 3 to 5 and chroma of 2 or less in most of the horizons. Chroma of 2 or less in the subsurface horizons indicates the evidence of gleying and redoximorphic features (mottles and concretions) associated with wetness (Bhaskar et al., 2005) . Redoximorphic features are more useful than soil colour for indicating soil saturation and reduction occurrences, because they provide specific evidence of where these processes operate in the soil (Dezful et al., 2015) . Presence of strong brown mottles (7.5YR) in all the pedons with chroma of 4 or more are due to reduction-oxidation conditions created by fluctuation of water table (Veprakas, 1992) . The soil texture are mostly fine and varies from silty clay loam to clay and silty clay. The structure varies from weak, medium sub angular blocky at surface to moderate, medium sub angular blocky and strong, coarse angular blocky at subsurface. Development of cambic subsurface horizon is indicated by presence of strong structure in B horizons. Consistence, in general, are slightly hard to hard (dry), friable to firm (moist) and slightly sticky to very sticky, slightly plastic to very plastic (wet). 
Particle size distribution and available water capacity (AWC)
The texture of these deltaic soils are relatively fine (Table 3) except A12 horizon of pedon 1 with clay content ranging from 15.4 to 63.5% and the irregular distribution of soil separates in the profiles could be due to different type of sediments with different textures deposited over the years (Azagaku and Idoga, 2012 ). An abrupt increase in clay contents in B horizon of pedon 1, without any sign of argillic sub surface horizon is indicative of lessivage (Singh and Agrawal, 2005) . The high inflections in sand/silt ratio (0.2 or more) in these soils indicated lithological discontinuity which might be due to the deposition of sediments in different fluvial cycles (Gangopadhyay et al., 1998) . Lithological breaks in these soils are also evidenced by wide variation in uniformity values of more than 0.6 (Cremeens and Mokra, 1986 ). The 
Chemical characteristics
The soils are slightly acidic in the surface and almost neutral in the subsurface horizons (Table 4 ). The increasing trend of pH with soil depth in pedon 1 and 3 might be due to less weathering as well as high ground water table during some parts of the year (Karmakar et al., 1999) . The organic carbon (OC) content of the surface soils are medium to high and are gradually decreasing with depth in pedon 2 and 4, whereas, in pedon 1 and 3, the distribution is uneven. The abrupt increase in organic carbon in the lower most layers of pedon 1 and 3 might be due to deposition of fresh alluvium over vegetation of an earlier period (Bandyopadhyay et al., 1984) . The distribution of free Fe 2 O 3 indicate that gleying extends deeper down the profiles and this is attributed to the reduction and subsequent mobility of iron (Fe 2+ ) at grater depths. Higher clay content in the subsurface horizons absorbs more iron leached from subsurface horizons (Bhattacharyya et al., 1997) and for soils with deeper gleying, this distribution of iron is more conspicuous. The significant positive correlation of free Fe 2 O 3 with clay contents in horizons (r=0.59 ** ) corroborates the above findings. High CEC of these soils and variation in their distribution might be attributed to the clay content (r=0.95 ** ). The exchange complex of the soils is dominated with calcium and magnesium and the soils are highly saturated with bases (61 to 91%). The exchangeable (Smith Guy, 1986) .
Soil classification
The soils under lower Mahanadi delta are Aquepts as the ground water commonly fluctuates from a level near the surface to below a depth of 50 cm. The soils of pedon 1 are classified as Fuvaquentic Epiaquepts as they exhibit the conditions of episaturation, irregular decrease of OC and at depth of 125 cm below the mineral soil surface, OC of 0.2% or more. Pedon 2, 3 and 4 belong to great group Endoaquepts as all the horizons show characteristic saturation with matrix chroma of 2 or less and redoximorphic features like mottles, Fe-Mn concretions. Pedon 2 is placed under Vertic Endoaquepts as they have 2-3 cm wide cracks up to a depth of 40 cm and pressure faces. Pedon 3 is under Aeric Endoaquepts as it has a horizon within upper 75 cm that has a chroma of 3 (Bwg2, 56-94 cm) and somewhat deeper ground water table (2 m) than pedon 4. Pedon 4 is classified under Typic Endoaquepts as they exhibit regular decrease in OC down the depth and less than 0.2% OC at a depth of 125 cm below mineral soil surface.
Land use interpretation
Land evaluation for crops through soil site suitability in these soils is presented in (Table 5 ). The limitation identified in Kakuria (P 1 ) and Nalibasanta (P 2 ) series are texture (s), drainage (w), organic carbon (f) and slope (t), whereas, the soils of Godavingura (P 3 ) and Narasinghballabh (P 4 ) series exhibit limitations in organic carbon (f), texture (s), drainage (w) and flooding (w). The soils of Kakuria (P1), Nalibasanta (P 2 ) and Gadavingura (P 3 ) are moderately to marginally suitable for rice, rabi maize, rabi groundnut and pulses due to the limitations of flooding, texture, soil fertility and topography. Except Kakuria series (P 1 ), all the soils are not suitable for tomato due to severe limitations of flooding and heavy texture. Similarly the soils of Narasinghballabh series (P4) are only moderately suitable for rice with the limitations of heavy texture and severe flooding. The suggested intervention include raised bed and sunken bed technology for the soils of Kakuria series (P 1 ) and dugout farm pond, deep drainage channel for the soils of Nalibasanta, Gadavingura and Narasinghballabh series (P 2 , P 3 and P 4 ).
Conclusion
The deposited soils of South Mahanadi delta are mostly Aquepts with high ground water table, stratified and show the evidence of characteristic redoximorphic features. The Kakuria series (P 1 ) belongs to Epiauepts, whereas, Nalibasanta, Gadavingura and Narasinghballabh series (P 2 , P 3 and P 4 ) are under Endoaquepts. The suggested land management options for Epiaquepts are raised bed and sunken bed technology and for Endoaquepts are dugout farm ponds and deep drainage channels to remove excess water from the surface and saturated soil profiles.
